ABSTRACT -Light is an important factor in the cold protection process in plants. The objective of this study was to evaluate the relationship between temperatures and levels of quantity and quality of light on the initial development of rice cultivars and red rice biotypes. Two experiments were conducted, in the laboratory and in the greenhouse, from July to November 2012. The factors studied in experiment I were: temperatures (25 ºC and 18/13 ºC); cultivars/biotypes (IRGA 424 and PUITÁ INTA-CL/ AV 6716 and AV 6722) and light (white, blue, green, yellow and red, 86% and 93% shading and dark). In the second experiment, the factors were seasons (August and November); cultivars/biotypes (IRGA 424 and PUITÁ INTA-CL/AV 6716 and AV 6722) and light (white with cover, white, blue, green, yellow and red, 86% and 93% shading). Were evaluated normal seedlings, shoot and root length, shoot and root dry weight and leaf area. The cultivars and biotypes studied have a similar behavior in response to temperature and light during early development. Light, especially the red wavelength, has increased cold tolerance in rice.
Introduction
Low temperature is a major limiting factor for rice productivity in various regions of the world (Hasthanasombut et al., 2011) , which, for only occurring frequently during the crop cycle, constitute a serious problem for Rio Grande do Sul, Brazil, mainly in the southern area of the state (Cruz and Millach, 2000) .
The origin of rice is tropical, so temperatures below 20 °C are harmful in a large part of the crop cycle, but in the stages of germination, seedling development and reproduction, damage is more severe (Cruz and Millach, 2000) . The occurrence of temperatures below the tolerated minimum damages to the crop seed germination (Mertz et al., 2009) decreasing or delaying it (Martins et al., 2007) and can delay the emergence of seedlings in more than 20 days, in addition to them showing symptoms of chlorosis and slow growth rate (Cruz and Millach, 2000) .
In periods with temperature averages below the optimum range for crop growth, reduced light intensity can also occur, due to cloudiness. In the rice production areas of the world, periods of low light often occur, which constitutes important constraint to productivity, especially in the tropics (Singh, 2000) . Light is an indispensable feature for plants, being the energy source for their growth and development, however, besides being essential to photosynthesis, it also acts as an environmental signal which, when perceived, triggers changes in plant metabolism and development (Jiao et al., 2007) . The effects of light on a community of plants, especially in terms of environmental signaling, are not only related to the magnitude of the photosynthetic photon flux, that is, the amount of light, but also to the direction, duration, and particularly, the quality of light available to plants (Majerowicz and Peres, 2004) . The variation in the quality of light in a plant community occurs mainly due to the competition between plants (Merotto et al., 2009 ), but there are other factors that cause it, such as the presence of dead vegetal covering on the soil.
Besides its importance for growth, development, and environmental perception, studies have shown that light has a connection with a number of other processes in plants, including related to stress tolerance, both biotic and abiotic (Svyatyna and Riemann, 2012) . In this regard, light and other environmental stimuli often work together to trigger the development of specific responses in plants (Jiao et al., 2007) .
Studies showed that light is an important factor in the cold protection process in plants and is responsible for activation of stress response genes and production of growth regulators on tolerance to low temperatures, reported, for example, in rye (Gray et al., 1997) and wheat (Majláth et al., 2012) , which despite being wintry cultures belong to the same botanical family rice, suggesting similar responses in this culture.
The evaluation of the morphology of rice plants in the early stages of development, grown without different conditions of temperature and light, can be useful for initial understanding of crop response against these factors acting together. Such an assessment should provide subsidy as for the feasibility and importance of further studies, such as plant physiology and molecular biology, in understanding these responses against these factors, which together can configure an important step in the development of new strategies to mitigating cold damage in the early stages of irrigated rice culture, mainly from germination to the end of the seedling stage.
Red rice (Oryza sativa L.) is the major weed of irrigated rice (Agostinetto et al., 2001 ). However, due to its being of the same species of cultivated rice and not subjected to selection processes in the search for adaptability and productivity, is characterized as an important source of genetic variability, which in addition to serving for rice improvement (Malone et al., 2007) may help in understanding plant responses to different environmental factors.
Based on the above, the aim of the study was to evaluate the relationship between temperatures and levels of quantity and quality of light on the early development of two rice cultivars and two red rice biotypes.
Materials and Methods
Two experiments were conducted, the first in the seed analysis laboratory Flavio Farias Rocha, from the Department of Plant Science, and the second in a greenhouse of the Department of Plant Health, both of the School of Agronomy Eliseu Maciel -FAEM, of the Federal University of PelotasUFPel, Capão do Leão Campus -RS. The experiments were conducted during the months of July to November 2012. The irrigated rice cultivars used were: IRGA 424 and PUITÁ INTA-CL (PUITÁ), both widely used in the state of RS, and the first being adapted to colder regions of the state, and red rice biotypes AV 6716 and AV 6722, collected in fields of southern RS and multiplied in the previous crop in the lowland area of Palma Agricultural Center (CAP) of UFPel, in the municipality of Capão do Leão -RS.
The first experiment was conducted in factorial 2x4x8, the main factor being two temperature levels: 25 °C constantoptimum temperature for rice germination (Yoshida, 1981) and alternating temperatures of 18/13 °C for 13/11 h (day/night), simulating sowing conditions in the low temperature season in southern RS. The second factor was cultivar/biotype, and the third was light, with 8 levels, where besides the control (white light), we tested different qualities of light (wavelength) at four levels (blue, green, yellow and red) and amount of light (radiance), in 3 levels (86 and 93% dark), totaling eight brightness treatments.
This experiment was conducted in a chamber with controlled temperature and photoperiod, type BOD (Biochemical Oxygen Demand). Ten seeds of each cultivar/ biotype were sown in acrylic gerboxes (germination box) with pressed blotter paper substrate, moistened to about 3.0 times its dry weight. The photoperiod was of constant light, at the condition of 25 °C, and in the condition of low temperature, light was provided only during the higher temperature period. The temperature conditions evaluated were obtained by calibrating the growth chambers. The light treatments were imposed by covering each gerbox with cellophane film, of the respective colors, for the treatments of light quality; now for reduction of light intensity, specific meshes were measured with the radiometer LI-COR, inc. model LI-185B, for treatments of 86 and 93% shade and aluminum foil for the dark condition (Table 1) . To minimize other effects of covering the gerboxes, in addition to light, the controls were covered with colorless cellophane. The experimental design was arranged in bands, each BOD housed one temperature treatment and each shelf one light treatment. Three replications were used, each gerbox considered a replicate. Among cultivars/biotypes and replications the randomization was complete.
At 21 days after sowing, the evaluation was carried out in the experiment of the following variables: normal seedlings, length of shoot and root, leaf area and dry weight of shoot and root. Only seedlings considered normal were evaluated in the other variables. Were considered normal the seedlings with developed and proportional shoot and root, according to criteria of the Rules for Seed Analysis -RAS (Brasil, 2009), the result was expressed in numbers. In the variables shoot and root length, the seedlings were measured with the aid of a millimeter ruler, and for the root, the main part was considered, and the average value per seedling was expressed in millimeters. For determination of the leaf area, the shoot of the seedlings were highlighted, using the electronic determiner LI-COR Model Li 3100 held a joint reading of all seedlings per replication, dividing the result by the number of normal seedlings of each experimental unit, and the result expressed in square centimeters per seedling. For the variables of shoot and root dry weight, these tissues of all seedlings in each replicate were collected in paper bags and placed in an oven set at 65 °C for a period of 72 hours when they were taken, cooled in dehumidifier and weighed on a precision balance. The result was expressed in milligrams per seedling.
The second experiment was conducted in a greenhouse in a 2x4x8 factorial scheme, where the main factor was sowing season: first half of August, which showed average daily temperature of 25 ºC and a minimum daily average of 10 °C, and the second half of November, with daily average of 35 ºC and a minimum daily average of 29 °C. The second factor was cultivar/biotype, with the same cultivars/biotypes of the first experiment, and the third factor was light, which consisted of 8 different levels of quality and quantity of light [white light without cellophane, white light (with cellophane) blue, green, yellow and red and shadings of 86% and 93%].
The sowing of cultivars/biotypes was performed in vessels with a volume capacity of 200 mL, filled with soil taken from rice crop areas. Five seeds were sown per pot and, after emergence, the plants were thinned, leaving only three seedlings per experimental unit. The pots were placed into plastic trays, which were maintained with approximately 3.0 cm of water, thus allowing irrigation by capillarity. For the light treatments, the pots were covered, in the volumetric space that seedlings would possibly occupy, with cellophane films of different colors or mesh of different levels of shading, depending on the treatment, over wire arches. Cellophane was changed every 02 days. The design was in bands, each light treatment being represented by a tray with all cultivars/biotypes and four replications. Within each tray, the randomization was complete. Concurrently with the conduction of the experiment, daily measurements of the temperatures for each light treatment were performed between 9:00 am and 10:00 am ( The variables evaluated in this experiment were: shoot and root length, leaf area, and shoot and root dry weight, which were measured identically to the experiment in growth chamber at 16 days after sowing, after removing the plants from the pots and washing the soil off their root.
With the aid of the radiometer LI-COR, inc. model LI-185B, the irradiance of light in each environment in the two experiments was read (Table 1) . The results were tabulated and subjected to analysis of variance. After the detection of interactions between factors, Fischer's LSD means test was held at 5% probability of error. Depending on the purpose of the study, were presented only the variables where interaction was significant between temperature and light, being omitted from the results when the interaction occurred in only one of these factors with cultivars/biotypes or when there was no interaction between the factors. 
Results and Discussion
The effects of the interaction temperature x cultivar/ biotype x light were significant for the variable root length (CR), in the experiment conducted in a growth chamber (Table 2 ). In general, lower values were observed in the condition of 18/13 °C when compared to constant 25 °C temperature, except for the dark treatment, where the IRGA 424 cultivar and red rice biotype AV 6722 showed no difference for this variable between temperatures.
The CR showed variation between the means observed in treatments for the cultivars and biotypes. IRGA 424 and PUITÁ INTA-CL, at 18/13 ºC, showed higher values in the dark treatment and lower values under the white light treatment. Now, for AV 6716 and AV 6722, at this temperature, the higher values also occurred in the dark, however, the lowest values were for the yellow and green light treatments, not differing from the white, blue and red light treatments. For the temperature of 25 ºC, IRGA 424 showed a higher value of CR in the red light treatment, not differing from the other treatments, except for green light. For the cultivar PUITÁ INTA-CL, the dark treatment had the highest value, and the treatment with 93% shading showed the lowest, not differing from the green light. The red rice biotypes also showed high CR value in the dark, but lower values were observed for green light and 93% shading.
Generally, in the absence of light (dark) occurred the highest root lengths at the two temperatures, however, most notably when under low temperature; and in the green light treatment occurred the lowest values at 25 ºC temperature. For the variables: number of normal seedlings (NR), shoot length (CPA), shoot dry weight (MSPA) and root dry weight (MSR) there was interaction between temperature and light (Table 3) . At low temperature, smaller values for all variables occurred, regardless of light, except for NR, which under dark and shadings had no difference between temperatures. In NR, at 18/13 ºC the lowest value was observed under white light, and the highest under shadings and dark, which did not differ, since at 25 °C none of the light treatments differed. For CPA, the dark resulted in the highest values at the two temperatures, not differing from 86% shading, at 18/13 ºC, and blue and red lights at 25 °C. In this same variable, at 18/13 °C, treatments with lower values by classes of means did not stand out, but at 25 °C, levels of shading resulted in the lowest CPAs. As for MSPA, the dark treatment once again caused the highest values at the two temperatures. Under low temperature, it did not differ from blue and 86% shading, which had white, green and yellow lights in the lower classes of means. On the other hand, at 25 °C, dark only differed from the shading treatments, which showed the lowest values.
The variable MSR, especially at 18/13 °C, was the exception, where the highest value did not occur under dark treatment, but under green light. At this same temperature, the lowest MSR occurred under yellow light. Now at the condition of 25 °C, dark was again in the highest mean class, but the highest value occurred under white light, differing from shading by 93 and 86%, the latter being the treatment that showed the lowest value. In general, MSR values were not proportional to CR values, in the light treatments.
Low temperatures cause, in most cases, inhibition of root growth, reducing the supply of water, nutrients and growth regulators produced by this organ, such as cytokinins, to the shoot, which represents one of the main factors that lead to productivity losses by cold (Vaseva et al., 2009 ). On the other hand, the reduction in growth, not only of root, but also of shoot, evidenced at low temperatures, is also regarded as a response to various stress types, essential for the maintenance of hormone balance in the plant (Majláth et al ., 2012) .
The behavior of higher root growth in the dark, or shading condition, is the opposite of what is expected, due to the growth of the shoot being set in a drain, which limits root growth (Majerowicz and Peres, 2004) , and when this prioritization does not occur, there may be a lack of reserves so the seedling can grow to avoid the lack of light in the natural environment. Therefore, since the values of this variable in the dark treatment are even higher when at low temperatures, it is evident, similarly to the hypotheses of this study, that losses due to the lack of light are also enhanced under cold conditions.
The contrast observed among the light and dark treatment, or shadings, in the values of the variables CPA and MSPA, is greater in the low temperature condition, where at 25 °C the difference in CPA between white light and dark is about 13%, now at 18/13 °C this difference exceeds 650%. This result emphasizes that, in addition to shading, the greater growth induced by of lack light, other factors contribute to the differences between growth under light and dark (or shading) when at temperatures below optimum for plant growth. Among them the aforementioned phenomenon of reduced growth aiming the adjustment to stress (Penfield, 2008) , in this case low temperature stress, which proved to be active in the presence of light. In researches with barley, a higher freezing tolerance was observed in plants with smaller stature, which were acclimated at low temperature and higher light intensity, in contrast to those that were acclimated at the same temperature, but at lower light, which presented a higher growth, but 52% less tolerance to freezing (Gray et al., 1997) .
As for the experiment in a greenhouse, although the average temperature of the first season was 25 °C, there were daily temperatures suboptimal for the full development of rice seedlings, which are between 20 and 25 °C (Yoshida, 1981) , with greater emphasis on the period between the 10th and 12th day of the experiment ( Figure 1) .
The variable shoot length (CPA) showed interaction between the factors studied ( Table 4) . The cultivars/biotypes in most light treatments showed lower value of this variable in the first season, possibly due to the lower average temperature occurred (Table 1) , however, there was an exception in the treatments with blue, yellow and red light, where the latter did not differ between seasons for any of the cultivars or biotypes. In both seasons, cultivars and biotypes showed similar behavior for the treatments. In the first season, the red light treatment showed higher values for IRGA 424 and AV 6722, and yellow light for PUITÁ INTA-CL and AV 6716, however, in general, there were no significant differences between light qualities. Still, for IRGA 424, the lowest CPA was under 93% shading, but for the other genotypes it was under white light. In the second season, the highest CPAs occurred under the two shading treatments, which differed from all others. As for the lower values for the cultivars they occurred in the green treatment, however, they did not differ from white light with film and blue light. For red rice biotypes, lower values were observed under white light with film, which for AV 6716 did not differ from blue and green lights and for AV 6722 did not differ only from blue light.
For CR, MSPA, MSR and leaf area, each variable showed differential behavior in function of temperature and light (Table 5) . Only in the treatments white light without film, green and 93% shading, there was a growth pattern for all variables which were higher in the highest temperature (second season) for white light and 93% shading and, curiously, higher under lower temperature (first season) for the green light.
The CR, in the first season, was higher under red light, differing only from white light, and from the treatments under 86 and 93% shading, the latter being the treatment that caused lesser value. In the second season, the white light showed a higher value for the variable CR, differing from other treatments. Also, in this season, the green and white light with covering were the treatments that had the lowest values, respectively, not differing among themselves.
For the variable MSPA, yellow light caused greater mass, which did not differ from white light with covering, green and red lights, in the first season, where white light and shadings were the treatments with the lowest values. In the second season, again yellow light, not differing from white light and 86% shading, caused greater MSPA. Blue and green lights were the treatments that caused the lowest values at this time. As for MSR, in the first time the four levels of light quality did not differ among themselves, and shadings caused the lowest values, along with the two treatments of white light. Now, in the second season, quite prominently, white and green light caused, respectively, the highest and lowest values in the variable, both differing from the others. Regarding leaf area, in the first season blue and red lights caused the highest values, and white light caused the lowest, and in the second season, shadings caused greater leaf area, and lower values occurred under white light with film and green light. In general, it is noteworthy that under the lowest temperature (1st season), the red light was among the treatments that caused the highest values for all variables, not differing, however, from the other light quality treatments for the first three variables (except blue for MSPA), and did not differ under blue light for leaf area. In the second season, the green light was among the treatments with lowest value in all variables.
As for the CPA, the fact that the plants have grown similarly in blue, yellow and especially red light treatments, between the periods of the experiment, even with a difference of over 10 ºC, may indicate a strong contribution of these wavelengths in tolerance to low temperatures. There is evidence that the role of the light in acclimation under low temperature is mediated through phytochromes (Olsen et al., 1997) , which would positively regulate the expression of stress tolerance genes. Considering that this photoreceptor has absorption peaks at blue, and especially red wavelengths (Majerowicz and Peres, 2004) , the lowest loss of low temperature to rice when under these wavelengths is justified.
Regarding CR and MSR, root are poorly studied tissues regarding light response, possibly for being perceived by the shoot, since under natural conditions plant root are underground, that is, essentially in the dark, however Molas et al. (2006) , when radiating Arabidopsis seedlings with red light showed that in these tissues there was an expression of a series of genes, which in the shoot were already known under this light spectrum. However, that response associated with temperature is not known.
For leaf area, for which in the first season the colors blue and red showed higher values, this response had already been reported in Ocimum gratissimum Lineu (Martins et al., 2009);  whereas in the second season, where the shadings induced the increase in leaf area, this is the behavior normally observed in this condition, since it is necessary for plants to enlarge the photosynthetic surface to maximize the light absorption, which is evidenced in Arachis pintoi and Brachiaria decumbens (Gobbi et al., 2011) , but not observed in Sorghum bicolor (Dan et al., 2010) . Evidently, this response varies with the species and level of shading, including differences between cultivars of the same species, as in Brachiaria brizantha (Martuscello et al., 2009) .
Finally, the highest MSPA under red light can be assigned as a consequence of higher CPA and leaf area, which generally allows the plant a greater photosynthesis capacity and thus accumulation of phytomass. For the cotton plant, the relationship between leaves dry weight and leaf area is such that it is possible to estimate the leaf area by weighing the dry mass, with accuracy and precision, and with an error margin lower than 2% (Monteiro et al., 2005 ) , but no such relationship was tested according to types of light.
Regarding the green light, this has been shown to inhibit growth under conditions of high temperature, as observed in the variables MSPA, MSR and leaf area of the greenhouse experiment and in the variable CR of both experiments. On the other hand, the green light positively affected the in vitro multiplication of Rubus idaeus L. (Erig and Schuch, 2005) . Therefore, these results, of inhibition and stimulation by green light, contrary to its wide use as light for assembly and evaluation of experiments with light, for its supposed neutral, or reduced, action on plants, such as the "safety green light" (Abud et al., 2010) .
In the case of cultivars and biotypes, the interaction between the factors temperatures x cultivar/biotype x light was observed in only two variables in this study (Tables 2 and 4) , in which the biotype AV 6722 was superior, however, it should be observed, regardless of temperature or light, that this performance may also be attributed to the high initial intrinsic vigor of this biotype, very characteristic in red rice (Agostinetto et al., 2001) . In this sense, it can be seen that the studied cultivars and biotypes are similar in behavior regarding temperature and light.
It should be noted that often the cultivars have accesses in common in the germplasm bank from which they were developed, making them similar in some features or in their responses to the environment; now, as for red rice, a study showed that some biotypes showed a certain level of similarity with that cultivated, positioning themselves, in certain characteristics, as intermediaries between groups of cultivars, showing that red rice is in constant evolution and association with the main culture that it infests (Streck et al., 2008) , but becoming similar as well due to the normal rate of crossing that occurs between cultivated rice and harmful rice.
Thus, in relation to the similar response against light observed among cultivars and biotypes under the temperature conditions studied, it is suggested that it is probably a characteristic, until then, little selected by genetic improvement, even naturally or by indirect pressure of man in the case of red rice. This indicates that there is a vast way to go about improving plants regarding light perception characteristics related to signaling for tolerance to environmental stresses. It also suggests that further studies should be conducted to identify and relate light to cold tolerance in rice.
Conclusions
The early development of irrigated rice cultivars and red rice biotypes is stimulated by red light under low temperature, and inhibited by green light under higher temperature;
Low temperature affects the initial development of cultivars and biotypes;
The cultivars and biotypes studied have similar behavior against light and temperature during early development; Light, in particular in the red wavelength promotes the increase in cold tolerance in rice.
